Ⅰ. Introduction
One of the causes for the functional disabilities of elderly people is osteoarthritis. Knee osteoarthritis damages proprioception that is produced from the tissues around joints. Proprioceptive defects that Key Words：가상현실 상호작용 게임 무릎 골관절염 균형 , ,
-388 -occur from the mechanoreceptors around knee joints cause motor control disabilities (Guccione et al., 1994) . These also result in an increase in joint instability and cause alterations in postural and balance controls (Lyytinen et al., 2010) . In other words, weakened postural control and balance abilities due to osteoarthritis may be a major problem in old age activity limitations. In fact, this problem is causing greater trouble in older women than in older men (Cho et al., 2011) .
Various therapeutic resources to minimize the problems of osteoarthritis patients have been proposed. (Jee et al., 2006; Roddy et al., 2005) .
Such therapeutic resources have good clinical evidences of resolving the problems of osteoarthritis (Topp et al., 1993; Lord and Castell, 1994; Crilly et al., 1989) . Lowered postural control and balance abilities are the first change that comes from osteoarthritis and have been placed as an important indicator in monitoring the functions of osteoarthritis patients (Silva et al, 2012 Ⅱ. Methods
Subjects and experimental design
The subjects of this study were 40 elderly women aged 65 or older who could walk on their own, were diagnosed with degenerative osteoarthritis by a doctor, and were provided with a full explanation about this study and voluntarily agreed to participate in its experiment. Meanwhile, the 
Experiment method
The hardware used to apply virtual reality interactive games was the Xbox 360 Kinetic Sensor (Microsoft Co. USA) and the software used was Your Shape (UBISOFT, Entertainment, USA). The virtual reality interactive games selected for this study were Virtual Smash and Light Race that drew the most interest from the subjects. In Virtual Smash, payers are supposed to break bricks in the virtual reality using their hands and feet while avoiding bricks using their trunk. The subjects performed this game for 15 minutes each time.
Meanwhile, Light Race is a game where players do steps by moving their foot or both feet back and forth and left and right according to blue or green signs displayed on the game screen. The subjects also performed this game for 15 minutes each time.
After each subject finished her game, she was informed of the game results and allowed to share the outcome with other participants.
Measurement
The balance abilities of the subjects were evaluated by measuring their postural sway using Biorescue 
Analysis
The collected data were analyzed using SPSS 17.0 for Windows and all the data were indicated by means and standard errors. In order to compare the results between the pre-application and postapplication of virtual reality interactive games, paired t-tests were conducted. To identify whether any changes occurred between the experiment group and the control group after virtual reality interactive games were applied, ANCOVA, which processed pre-intervention values into covariances, was performed. The statistical significant slevel was set at 0.05.
Ⅲ. Results
The results of the postural sway before and after the application of virtual reality interactive games and closed eye conditions, the postural sway in the experiment group were revealed to be lower than those in the control group at a statistically significant level (Table 2 ).
Ⅳ. Discussion
In this study, virtual reality interactive games using the Xbox 360 Kinetic Sensor were applied to older women with osteoarthritis for four weeks.
During this experiment, no subjects exhibited a problem of balance loss. Moreover, no subjects complained of their pain or functional abnormality.
Overall, virtual reality interactive games are considered to be an intervention that can be safely applied to osteoarthritis patients. However, some studies using Nintendo Wii Fit reported that they applied the game in a modified format due to safety concerns (Laver et al., 2011) . In this regard, as safety differences can take place according to In this study, the virtual reality interactive games applied over a four-week period were revealed to increase the postural sway in community-dwelling Although the number of cases was limited at seven people, virtual reality game experiment using Nintendo Wii Fit improved the berg balance scale in 84-year-old older adults (Agmon et al., 2011) .
Additionally, previous case study that applied
Nintendo Wii Bowling to 89-year-old community residents reported an improvement in the berg balance scale (Clark and Kraemer, 2009) closed. What enables this is proprioception (Willems et al, 2002) . Therefore, the intervention methods to improve balance should be able to enhance proprioception sufficiently. In this study, improvements in balance ability were also observed in the closed eye condition. In other words, virtual reality interactive games are considered to have influenced the proprioception in older women with osteoarthritis.
The virtual reality interactive games used in this study provided visual and auditory feedback by immediately responding to physical activities and movements through their screens and speakers. Such visual and auditory feedback is considered to have had an effect on improving balance abilities. The advantages of visual and auditory feedback are already well known by previous studies (Zijlstra et al., 2010) . Additionally, the older female subjects in this study showed active participation in their experiment. The subjects appeared to become highly interested in new types of virtual reality interactive games that they had not experienced previously.
Along with this, each subject was informed of her game results and allowed to share the results with other subjects. Such aspects were likely to encourage the active participation of elderly women with osteoarthritis. Existing studies have already reported 대한물리의학회지 제 권 제 호 7 3
-392 -that motivation and active participation deliver superior functional results (Maclean et al., 2000) .
Ⅴ. Conclusion
The virtual reality interactive games using the Xbox 360 Kinetic Sensor have the potential as an effective intervention in improving balance in elderly women with osteoarthritis. Meanwhile, further research on various types of games will be necessary in the future.
